ABSTRACT External technology sourcing and industrial agglomerations are important development factors and location characteristics of high-tech industries in the context of open innovation. Based on interprovincial panel data on China's high-tech industries from 2009 to 2014, this paper explores the effects of external technology sourcing and industrial agglomeration on innovation performance from the perspective of development trends and regional heterogeneity. The results show significant spatial heterogeneities in the external technology sourcing and industrial agglomeration of high-tech industries. Both external technology sourcing and industrial agglomeration have significant and positive influences on innovation performance. However, the synergistic effect of external technology sourcing and industrial agglomeration on innovation performance is significantly negative, and the positive synergistic effect is not fully reflected. This paper concludes with a discussion of the implications of these insights for innovation management and policy.
I. INTRODUCTION
The latest round of the global scientific and technological revolution has accelerated, international industrial divisions have undergone major adjustments, and disruptive technologies have emerged that are reshaping the world's competitive landscape and changing the balance of state power. Consequently, innovation has become a critical strategy for most countries seeking economic development and competitive advantage. In the process of promoting economic growth, many countries prioritize the development of high-tech industries as an important part of their development strategy. Thus, developing high-tech industries and improving technological competitiveness have become important strategies for helping a country gain economic, scientific and technological advantages. At present, there is a considerable technical gap between high-tech industries in China and those in developed
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However, some scholars believe that in the context of economic globalization, such a technical gap can become an ''opportunity window'' for China's high-tech industries to catch up in a relatively short time by introducing external technology [1] . Therefore, the innovation performance of China's high-tech industries could be improved rapidly through external technology sourcing. A large number of studies show an obvious phenomenon of high agglomeration among high-tech enterprises with competitive advantages, such as those in Silicon Valley [2] , Cambridge Science Park [3] and science parks in Singapore [4] . This phenomenon is occurring because geographical agglomeration is beneficial for firms in obtaining key resources, reducing transportation costs, and procuring customers and professional labor resources [5] .
In summary, studying external technology sourcing and industrial agglomeration is of great importance for high-tech industries to promote industrial technology innovation and gain a sustainable competitive advantage.
In this paper, we incorporate external technology sourcing, industrial agglomeration and innovation performance into a unified framework from the industry-level perspective and analyze the characteristics of external technology sourcing and industrial agglomeration in different regions. Then, we systematically explore the impact of external technology sourcing and industrial agglomeration on innovation performance in the context of open innovation. Furthermore, we examine the synergistic effects of external technology sources and industrial agglomeration on innovation performance. This paper aims to enrich the existing theoretical research system of innovation development and provide the necessary theoretical support and practical inspiration for China's high-tech industries to optimize innovation resources, eliminate the innovation dilemma and improve their innovation performance.
This framework can shed light on three issues: First, is there any spatial heterogeneity in the external technology sourcing and industrial agglomeration of high-tech industries? Second, how is innovation output affected by external technology sourcing and industrial agglomeration, and what are the differences? Third, is there an interactive effect between external technology sourcing and industrial agglomeration on innovation output? The remainder of the paper is structured as follows. Section 2 provides a literature review of the previous research on the impact of external technology sourcing and industrial agglomeration on innovation. Section 3 describes the empirical model, our data and the estimation techniques. Section 4 explains and discusses the empirical results. Section 5 concludes.
II. LITERATURE REVIEW
External technology sourcing and industrial agglomeration are important factors and location characteristics of innovation development in high-tech industries in the context of open innovation. At present, there have been extensive studies on technological innovation from different perspectives and under related theories, particularly in the area of external technology sourcing and industrial agglomeration.
A. EXTERNAL TECHNOLOGY SOURCING AND INNOVATION MANAGEMENT
Regarding the influence of external technology sourcing on innovation performance, Caloghirou et al., Berchicci, Krzeminska and Eckert, Chen et al. and Antonelli and Fassio believe that external technology sourcing could significantly improve firms' innovation performance [6] - [10] . Moreover, Chen and Yan [11] note that the acquisition of external technology includes the absorption of foreign technology and technology spillover from open trade, which reveals the positive effect of foreign technology acquisition and trade openness on the supply of new technology. However, some scholars hold the opinion that external technology sourcing is negatively or nonlinearly related to firms' innovation performance. For example, Bettis et al. [12] argue that if firms depend on external technology introduction, the reduction in the external knowledge flow will hinder the increase in the internal knowledge stock. Furthermore, based on research on high-tech firms in Guangdong Province, China, Chen and Xu [13] 's study shows that the purchase and introduction of external technology has a significant inverted U-shaped relationship with enterprise innovation performance, while scientific and market-based external technology acquisition has no significant effect on the innovation performance of firms. Based on panel data for 17 high-technology industries in the period from 1995 to 2012, Xie and Huang [14] report that overall, external technology sourcing improves the innovation performance of high-tech industries, as technology introduction has a significant negative impact on innovation performance. Interestingly, the synergistic effect of technology introduction and absorption of expenses promotes innovation performance. Moreover, the absorption of expenses is positively related to the sales income of new products, and the purchase of domestic technology is conducive to the improvement of scientific and technological performance. Similarly, Tan and Bai [15] show that technology introduction reduces the short-term performance of self-owned brand products, but such adverse effects can be offset by the internal R&D investment of firms. In contrast, technology outsourcing promotes the short-term performance of products.
B. INDUSTRIAL AGGLOMERATION AND INNOVATION PERFORMANCE
Regarding the effect of industrial agglomeration on innovation performance, Silvestre and Dalcol [16] empirically study the oil and gas industry in the Campos Basin of Brazil and conclude that industrial agglomeration has a positive effect on innovation activities. In addition, Liu et al. [17] estimate the effect of industrial agglomeration on regional innovation in China based on provincial panel data from 1999 to 2007. They suggest that high-tech industrial clusters and traditional industrial clusters have a positive influence on regional innovation under certain conditions of scientific and technological personnel input, scientific and technological funds input and institutional innovation. Many previous studies have also proven the positive effect of firm agglomeration on innovation activities [18] - [20] . In addition, using the spatial analysis method, Jang et al. [21] study the mobile game industry in Seoul and indicate that mobile game firms specialize in specific product innovation activities by establishing subsets, such as visual complexity, product price and product upgrading, thus proving the key role of microgeographic location in promoting innovation activities for different products. However, some scholars argue that both positive and negative effects of industrial agglomeration on firm's innovation performance exist. For example, Feldman and Audretsch [22] , who focus on American industrial agglomeration and regional innovation, believe that the Marshall-Arrow-Romer (MAR) externality negatively affects innovation activities, while the Jacobs externality positively influences innovation activities. In contrast, in Baptista and Swarm [23] 's study, the MAR externality has a significant positive influence on industrial innovation, while the Jacobs externality has no significant promotional effect on innovation . Based on industrial data, Xie and Wu [24] propose an inverted U-shaped relationship between industrial agglomeration and the innovation efficiency of industrial enterprises. That is, when the level of industrial agglomeration is low, further industrial agglomeration can improve an enterprise's innovation efficiency, but when the level of industrial agglomeration exceeds a certain critical point, further improvement of the industrial agglomeration level will reduce the efficiency of enterprise innovation. Jiang and Gao also obtained similar results; that is, there is a significant inverted U-shaped relationship between creative industrial agglomeration and enterprises' innovation performance [25] .
III. METHODOLOGY A. MODELS
Innovation is the construction of the knowledge production function, and new production factors and production conditions are reconfigured into a production system [26] . Considering the impact of R&D and knowledge spillover on innovation performance, Griliches [26] proposed the knowledge production function with a basic hypothesis as follows:
Subsequently, Jaffe found that production inputs include R&D investment, labor and capital, and the following improvements were made to the knowledge production function [27] :
This study further expands the improved Griliches-Jaffe knowledge production function model by taking external technology sourcing and industrial agglomeration into account in the innovative performance function and establishes a knowledge production function following Cobb-Douglas as follows: (3) where i refers to the area, t represents the year, A is the constant, α i (i = 1, 2. . . 6) is the elastic coefficient, and ε represents the stochastic error term. PAT refers to patents from a high-tech industry, ET stands for the external technology sourcing of a high-tech industry, AGGLO refers to the industrial agglomeration of a high-tech industry, IT is the internal technology efforts of a high-tech industry, RDL represents the R&D investment of a high-tech industry, SIZE represents the regional population size, and COM is market competition.
Based on Model (1), Model (2) and Model (3), we perform further detailed analyses as follows.
Considering external technology sourcing, industrial agglomeration and control variables, the knowledge production function becomes:
Then, considering the effect of time delay, the knowledge production function becomes:
This research comprehensively compares and analyzes these models, which take external technology sourcing and industrial agglomeration into account and use a multiple hysteresis model. Furthermore, considering the synergistic effect between external technology sourcing and industrial agglomeration on the innovation performance of high-tech industries, we use the product of external technology sourcing and industrial agglomeration to capture the interaction effect. Thus, an econometric estimation of the knowledge production function would involve the synergistic effect as follows:
B. VARIABLES AND DATA SOURCES
Based on the relationship function of external technology sourcing, industrial agglomeration and innovation performance established by the above models, the variables in this paper can be divided into dependent variables, independent variables and control variables.
1) DEPENDENT VARIABLE: INNOVATION PERFORMANCE (PAT )
As the most valuable output of innovation, the patent is an important embodiment of industrial and regional innovation performance [28] . Based on existing studies, this paper uses the number of patent applications from high-tech industries to measure innovation performance for two reasons: first, because of the low restrictive level of examination by the patent authorizer, the number of patent applications can accurately reflect the true level of technological innovation in high-tech industries, and second, patent applications do not have the time lag involved in patent authorization, so the data for patent applications are stable, available and timely [29] .
2) INDEPENDENT VARIABLES a: EXTERNAL TECHNOLOGY SOURCING (ET )
In the context of open innovation, overcoming the shortage of innovation resources, increasing the technological complexity of products and searching for and obtaining the technical knowledge to meet innovation needs have become strategic choices for many enterprises [30] . Based on previous research, this paper believes that external technology sourcing includes domestic technology purchasing and foreign technology importing and thus uses the sum of ''expenditure on domestic technology purchasing'' and ''expenditure on technology importing'' to measure external technology sourcing [31] .
b: INDUSTRIAL AGGLOMERATION (AGGLO)
Aggregation is an important regional feature of the development of high-tech industries and plays a key role in promoting innovation activities [16] . Based on previous research [32] , this paper uses the locational entropy index to measure the agglomeration level of high-tech industries, and the calculated formula is as follows:
where i refers to the area, and j represents the industry. The location entropy index is regarded as the relative level of the degree of agglomeration of an industry in a region, which can be calculated based on output or employment data. With high-tech industries as an example, we use output data in the calculation because the employment data may be affected by the serious problem of surplus labor in state-owned enterprises, and the difference in the seriousness of the problem of surplus labor in different regions and different industries will lead to deviation in a location entropy index calculated with employment data.
3) CONTROL VARIABLES a: INTERNAL TECHNOLOGY EFFORTS (IT )
Internal technology efforts, such as the independent R&D activities of firms, are important ways for firms to gain lasting advantages and leading positions [33] . Following the method of Chu and Zhang [33] , this paper measures independent R&D expenditure by the internal expenditure of R&D funds, which is also relatively easy to obtain and pervasive application in China.
b: R&D INVESTMENT (RDL)
The effect of R&D investment, as the traditional innovation resource factor, on innovation output cannot be ignored; the R&D sector mainly includes labor and capital [27] . Therefore, R&D labor is generally measured by the number of staff employed in the R&D sector, and R&D capital is measured by R&D expenditure [34] . Considering the high correlation between the number of staff employed in the R&D sector and R&D expenditure, we use only the number of staff employed in the R&D sector to measure R&D investment.
c: AGGLOMERATION SIZE (SIZE )
The social population is open and inclusive, and a population with steady growth is a key factor for regional success in achieving innovation and maintaining innovative advantages. Thus, we use the size of the total population in a region to indicate the agglomeration size to measure the effect of agglomeration size on regional innovation performance.
d: MARKET COMPETITION (COM)
Finally, previous studies suggest that market competition is the driving force for innovation output and plays a key role in patent applications and patent propensity [35] . Following Blazsek and Escribano [35] 's approach, we use the number of high-tech firms to reflect the intensity of market competition.
4) DATA SOURCES
The dataset in this study was sourced from the 
IV. EMPIRICAL RESULTS AND DISCUSSION
First, we use an F test to determine whether a mixed OLS model or a fixed effect model is better, and the B-P test is used to confirm the choice between a mixed OLS model and a random effect model. The F test and B-P test statistics are statistically significant, indicating that both fixed and random effects are better than a mixed OLS. On this basis, a Hausman test was used to determine the fixed effect and random effect. Then, the tests for heteroscedasticity, serial correlation and cross-sectional correlation were performed. The empirical results show heteroscedasticity, serial correlation and crosssectional correlation. Finally, we used a Driscoll-Kraay standard error adjustment to perform the estimates again [36] .
A. THE SPATIAL HETEROGENEITY OF THE EXTERNAL TECHNOLOGY SOURCING AND INDUSTRIAL AGGLOMERATION OF HIGH-TECH INDUSTRIES
According to Figure 1 , this paper analyzes the spatial distribution characteristics of and changing trends in external technology sourcing in high-tech industries. Specifically, as shown in Figure 1 As shown in Figure 2 , this paper analyzes the degree of aggregation of China's high-tech industries and the evolutionary trends and characteristics of the clustering places. Specifically, Figure 2 shows that Guangdong, Jiangsu and Shanghai are the top three regions in terms of concentration level of China's high-tech industries in 2009 and 2014 and are the fastest-growing regions in China, suggesting a strong positive correlation between industrial agglomeration and regional economic development. From the vertical comparison perspective, the degree of high-tech industrial clustering in Guangdong, Jiangsu and Shanghai shows a slight decline, while that of other provinces and cities has increased or decreased, among which, the aggregation level of Sichuan Province has increased significantly. On the national scale, Guangdong, Jiangsu and Shanghai have undoubtedly become the main clustering areas for high-tech industries; Beijing, Tianjin, Fujian and Shandong have become the ''second echelon'' of high-tech industries; and the central and western regions show little clustering in high-tech industries. To some extent, such a sharp contrast indicates significant spatial heterogeneity in the aggregation of China's high-tech industries. Table 2 reports the estimate results. The results of the F test, B-P test and Hausman test, regardless of the time delay effect, all support the selection of fixed effects; thus, we show the estimation results of the fixed effect in model FE (4) and model FE (5) . All explanatory and control variables are included in model FE (4) , while the time delay effects are included in model FE (5) . At the same time, the empirical results show problems such as heteroscedasticity, cross-sectional correlation and sequence correlation in the regression of fixed effects. In this paper, the Driscoll-Kraay standard error adjustment method was further adopted to estimate fixed effects; thus, model FE_DK (4) and FE_DK (5) were obtained.
B. THE EXTERNAL TECHNOLOGY SOURCING AND INDUSTRIAL AGGLOMERATION OF HIGH-TECH INDUSTRIES
Regarding the influence of external technology sourcing on innovation performance, the influence coefficients of external technology sourcing are all positive but nonsignificant in model FE (4), model FE_DK (4) and model FE (5). However, in FE_DK (5), the influence coefficient of external technology sourcing (lag one phase) is positive and significant at the 1% level, indicating that external technology sourcing has a positive impact on the innovation performance of China's high-tech industries, but the effect is hysteretic. Furthermore, the impact coefficient of external technology sourcing (lag one phase) is 0.00000233, nearly zero, suggesting that now the effect of external technology sourcing is small in China's high-tech industry, which should be focused on.
The reasons for these results are twofold. On the one hand, China's high-tech industry has a certain time lag in the digestion and absorption of external technology, and its absorption capacity is not strong [33] . On the other hand, external technology sourcing needs to be supported by a series of other conditions, such as technical guidance and advice from technology providers on how to operate, maintain and repair equipment and greater technical learning efforts by employees. As a result, it is necessary to internalize external technologies to create profits [37] .
In general, the estimation results for the effects of industrial aggregation on innovation performance are basically consistent. The fitting degree of the multivariate lag model FE_DK (5) based on the misadjusted Driscoll-Kraay standard is the best among the models and is also more realistic in the economic sense. Therefore, we further analyze the estimated results for the effect of agglomeration on innovation performance in FE_DK (5) . The influence coefficient of industrial agglomeration is significantly positive at the level of 5%, suggesting that industrial agglomeration positively affects innovation performance.
The first reason for this finding is that the knowledge spillover effect of industrial agglomeration enables enterprises to obtain a large number of innovative ideas, innovative cases, knowledge and other innovative materials at low or even zero cost, thus stimulating new innovative ideas and generating new innovative results. Second, industrial agglomeration can reduce firms' innovation costs or improve their innovation performance through the scale economy effect, thus promoting their innovation performance. Finally, industrial agglomeration intensifies the competition among high-tech industries in the same region, urges firms to strengthen the orientation of their innovation output in the process of innovation, and deeply stimulates the innovation enthusiasm and internal motivation of scientific and technical personnel by optimizing the punishment incentive mechanism to improve innovation performance [24] .
To identify the synergistic effect of external technology sourcing and industrial agglomeration on the innovation performance of high-tech industries, considering the lagging factors, this paper adds the interaction terms of agglomeration and external technology sourcing, and models FE (6) and FE_DK (6) are obtained, with estimated results shown in Table 3 . As seen in Table 3 , in models FE (6) and FE_DK (6), the impact coefficients of external technology sourcing and industrial agglomeration on innovation performance are both positive at 0.546 and 0.00000261, respectively, supporting the preceding basic model selection and estimated results. However, the interaction item between external technology sourcing and industrial agglomeration is positive but not significant, suggesting that the positive synergistic effect between external technology sourcing and industrial agglomeration is not fully reflected.
The reason for this result is that there is considerable areal heterogeneity in China and obvious closures and geographic boundaries between different regions. More specifically, developed coastal areas in China pay more attention to external technology sourcing, while the external effect of industrial agglomeration is neglected because of the ''crowding effect'' and ''knowledge assimilation'' [32] . However, there is a closed phenomenon in inland provinces because of industrial agglomeration that may reduce the utilization of external technology; therefore, the positive synergistic effect of industrial agglomeration and external technology source is not fully reflected.
V. CONCLUSIONS AND MANAGERIAL IMPLICATIONS A. MAIN CONCLUSIONS
Based on panel data from China's high-tech industry from 2009 to 2014, this article incorporates external technology sourcing and industry agglomeration into an innovation performance model to systematically explore the effects, and their differences, of external technology sourcing and industrial agglomeration on innovation performance in the context of open innovation. In addition, a further in-depth analysis of the synergy between external technology sourcing and industrial agglomeration is performed. The empirical conclusions are as follows:
(1) There is significant spatial heterogeneity in the external technology sourcing and industrial aggregation of high-tech industries; that is, external technology sourcing and industrial aggregation are generally high in eastern coastal cities, followed by the central regions, while the levels of these practices are generally relatively low in the western regions.
These findings indicate that the eastern developed regions and parts of the central region are the main industrial aggregate and external technology sourcing areas of China's high-tech industries and should receive substantial attention.
(2) External technology sourcing has a significant positive effect on the innovation performance of high-tech industries, but this effect has a certain lag because China's high-tech industry is relatively weak in its ability to digest and absorb. Thus, firms experience a time lag in truly profiting from external technology.
(3) Industrial clustering can significantly improve the innovation performance of high-tech industries. Specifically, when industrial aggregation increases by 1%, the performance of high-tech industries will increase by 0.566%, suggesting that industrial agglomeration, as a spatial organizational form of the division of labor, is a good way to improve innovative output.
(4) Compared to external technology sourcing, the spillover effect of industry agglomeration on the innovation performance of high-tech industries is more significant, indicating that in the sample areas, industrial agglomeration promotes innovation performance more than external technology sourcing does. To some extent, this result is related to China's market mechanism, government intervention policies and the innovation capacity of high-tech industries.
(5) It should be noted that the synergistic effect between external technology sourcing and industrial aggregation is not significantly positive, suggesting the existence of many problems in the policy-oriented development of China's high-tech industry.
B. THEORETICAL CONTRIBUTIONS
This paper makes three main theoretical contributions.
First, from an industry-level perspective, taking high-tech industries as an example, this paper systemically analyzes the characteristics, regional heterogeneity and development trends of external technology sourcing and industrial agglomeration, thus extending the research in these areas, introducing the related theories to research in a new economic geography and conducting a preliminary exploration of how to combine innovation theory with a new economic geography.
Second, incorporating open innovation theory and an expanded economic geography, this paper proposes a new unified frame by combining external technology sourcing and industrial agglomeration with innovation performance and empirical analyses and compares the different effects of external technology sourcing and industrial agglomeration on the innovation performance of the high-tech industry. The results show that external technology sourcing and industrial agglomeration have significant positive influences on the innovation performance of high-tech industries, and these influences are different; in other words, industrial agglomeration has a greater influence on innovation performance. These results expand the boundary of external technology sourcing and industrial agglomeration theory, thus further enriching the literature.
Finally, there is still no consensus on the impact of external technology sourcing and industrial clustering on innovation performance. In fact, external technology sourcing and industrial agglomeration coexist and work together on innovation performance, so the complex influence mechanism cannot be fully understand if external technology sourcing and industrial agglomeration are divided. Therefore, this paper focuses on the synergistic effect between external technology sourcing and industrial aggregation, considers the interaction overflow between the two, reveals the complex law that drives the performance of science and technology, and greatly enriches the research on innovation-driven development.
C. MANAGEMENT IMPLICATIONS
This paper provides a reference for improving the innovation performance of high-tech industries in the context of open innovation.
First, attention should be paid to the spatial heterogeneous effect of external technology sourcing and industrial aggregation among high-tech firms, and strategies should be developed based on local conditions. Specifically, regarding external technology sourcing, we should break down administrative barriers and encourage coordination and common development among regions. When formulating regional policies, it is feasible to focus on regions with developed external technology sourcing to strengthen their communication and knowledge sharing with surrounding regions. Thus, the regions with developed external technology sources can lead the improvement of the innovation level in the inactive regions and enable a point-to-point radiation of this practice. In terms of industrial agglomeration, the development of high-tech industries should be scientifically and macroscopically distributed. That is, developed coastal areas should attract the capital of high-tech industries and promote regional development through internal radiation. Meanwhile, we should deepen the reform and opening up of the inland provinces and provide more support for their economic development through a series of preferential policies to realize the development of high-tech industrial agglomeration nationwide and generally enhance the level of industrial scientific and technological performance.
Second, industrial agglomeration is an effective way to accelerate the scientific and technological performance of high-tech industries, so we should vigorously cultivate high-tech industrial cluster development, actively promote and give full play to the positive self-strengthening mechanism formed by industrial agglomeration, foster advanced high-tech industrial clusters, and accelerate the agglomeration of innovative elements in agglomeration areas on the basis of the advantages of industrial agglomeration. Moreover, we should strengthen the specialized division of labor and cooperation in the agglomeration areas and strengthen the construction of supporting facilities to create technological industrial clusters with a high level of international competitiveness. At the same time, it is important to deepen the reform and opening up, strengthen regional exchanges, and expand the scope and intensity of innovation diffusion so that diversified growth poles truly become the driving force behind scientific and technological performance. These methods will enable the steady formation and development of industrial clusters and the accelerated growth of scientific and technological performance to be realized.
Third, we should attach equal importance to both importing and exporting, giving full play to the role of external and internal technology efforts in promoting high-tech industries and forming an open pattern of internal and external linkages. On the one hand, the high-tech industry should further build and improve technology trading platforms, expand the scale of the technology trading market, provide a better environment for interfirm technology trading, implement diversified external technology sources, and make external technology sources the foundation and platform for further technological innovation. On the other hand, high-tech industries should pay attention to the cultivation of their independent R&D capabilities and digestive and absorptive energy, reduce the ''technological potential gap'' between enterprises' technology and foreign technology through endogenous technology, avoid being trapped in the ''import-imitate-re-import-reimitate'' prisoner dilemma, and make full use of global scientific and technological resources to realize the technological progress of high-tech industries.
Finally, we should address the relationship between external technology sourcing and industrial agglomeration and give full play to the positive synergy between them. In the process of developing high-tech industries, various regions can provide a better environment for the acquisition of external technology among firms and improve the efficiency of external technology. Moreover, high-tech industries can establish technological innovation alliances with core enterprises as the main body in the agglomeration area to jointly acquire key external technologies, break through the bottlenecks of key industrial technological innovation, and realize the fundamental leap of the industrial technological innovation level.
